The aim of this study was to investigate the usefulness of a novel inflammationbased prognostic system, called COP-LMR (combination of platelet count and lymphocyte to monocyte ratio), for predicting postoperative survival of patients with non-small cell lung cancer (NSCLC). COP-LMR was calculated on the basis of the obtained data. Patients with both an elevated platelet count (PLT) (>30 × 10 4 mm -3 ) and a low LMR (<3.6) were assigned a score of 2, and patients with one or none of the parameters were assigned a score of 1 or 0, respectively. A total of 1120 patients who underwent complete resection were enrolled in this study. Multivariate analysis revealed that COP-LMR is an independent prognostic factor for disease-free survival (DFS) (P<0.001) and overall survival (OS) (P<0.001). Kaplan-Meier analysis and the log-rank test revealed that COP-LMR stratified the patients into 3 independent groups (P<0.001). In conclusion, COP-LMR is a potential prognostic biomarker in patients undergoing surgery for NSCLC.
INTRODUCTION
Lung cancer is the leading cause of cancer-related mortality worldwide [1] . Radical surgery is the primary treatment strategy for lung cancer. Despite advances in lung cancer surgery, the 5-year survival rate of patients with lung cancer is still unsatisfactory. The median survival period for lung cancer in China is only 22.7 months [2] . Until now, there has been no ideal method to predict the survival of lung cancer patients. Therefore, it is urgent and essential to identify a reliable prognostic factor for lung cancer patients who underwent surgery. It would enable good risk stratification by clinicians and individualized management of lung cancer patients.
Recent studies have revealed that systemic inflammatory responses play an important role in cancer progression [3, 4] . Some of the identified inflammationbased prognostic markers include the Glasgow Prognostic Score (GPS) [5] , platelet to lymphocyte ratio (PLR) [6] , neutrophil to lymphocyte ratio (NLR) [7] , lymphocyte to monocyte ratio (LMR) [8] and thrombocytosis [9] . Among these useful and convenient systems, the GPS is regarded as a prognostic milestone from which all of the other systems were derived [5] . The GPS is based on the estimation of concentrations of two acute proteins: C-reactive protein and albumin; these proteins reflect the magnitude of inflammatory response arising from tumorhost interactions [10] . Combinations of other types of inflammation-based markers are prognostically useful and serve as adjuncts to the GPS. Therefore, the estimation of reactive thrombocytosis and LMR might also be useful for predicting prognosis.
In this study, we analyzed the prognostic utility of a novel inflammation-based prognostic system, COP-LMR, in patients undergoing surgery for NSCLC. Table 1 shows the distribution of clinicopathological parameters of the studied patients divided into 3 groups
RESULTS

Characteristics of patients
Clinical Research Paper
according to COP-LMR. A total of 1120 patients were enrolled in our study. A total of 728 patients (65.0%) were men, and 392 patients (35.0%) were women. The median age of the participants was 60 years, and the age range was 22 years to 85 years. According to the seventh edition of the tumor-node-metastasis (TNM) classification, 477 patients were stage I, 237 patients were stage II, and 406 patients were stage IIIA. We divided the patients into 3 different groups on the basis of the cut-off values: 523 patients with COP-LMR = 0, 459 patients with COP-LMR = 1, and 138 patients with COP-LMR = 2.
Receiver operating characteristic curve for prediction of overall survival
The optimum cut-off values for the preoperative platelet count (PLT) and LMR for survival prediction were determined from the receiver operating characteristic curve (ROC) curves. For PLT, the optimum cut-off point was 29.5 ×10 4 mm -3 with a maximum joint sensitivity of 45.4%, specificity of 73.8%, and an area under the ROC curve (AUC) of 0.576 (95% CI: 0.543-0.610). Therefore, the recommended cut-off value of preoperative PLT was 30.0 × 10 4 mm -3
. For LMR, the optimum cut-off point was 3.6 with a maximum joint sensitivity of 52.7% and specificity of 71.1% on the ROC plot. The AUC was 0.641 (95% CI: 0.609-0.673) (Supplementary Figure S1) . For each biomarker, the patients were classified into two groups (PLT: < 30.0 ×10 4 mm -3 and ≥ 30.0 ×10 4 mm -3 ; LMR: < 3.6 and ≥ 3.6).
Next, the AUC for 5-year OS was measured and compared with the method established by DeLong et al [11] . The AUC for PLT, LMR and COP-LMR was 0. NSCLC patients (log-rank, P < 0.001). B. Kaplan-Meier curve of OS for NSCLC patients (log-rank, P < 0.001). www.impactjournals.com/oncotarget indicating that COP-LMR was superior to PLT or LMR as a predictive factor in NSCLC patients undergoing surgery.
Relationship between COP-LMR and clinicopathological and clinicolaboratory variables
The relationships between COP-LMR and clinicopathological and clinicolaboratory variables are shown in Tables 1 and 2 . Our results revealed that COP-LMR was associated with sex (P < 0.001), smoking status (P < 0.001), lesion type (P < 0.001), resection type (P < 0.001), histological subtype (P < 0.001), lymph node metastasis (P = 0.032), and pathological stage (P < 0.001). Furthermore, COP-LMR was also associated with maximum tumor diameter (P < 0.001), WBC count (P < 0.001), hemoglobin (Hb) (P < 0.001), albumin (P < 0.001), alkaline phosphatase (ALP) (P = 0.005), D-dimer (P = 0.008), fibrinogen (P < 0.001) and survival period (P < 0.001). In contrast, COP-LMR displayed no association with age, tumor location or lactate dehydrogenase (LDH) level.
Relationship between COP-LMR and survival
The median follow-up time for the 1120 patients was 45.0 (range: 2-96) months. A total of 643 patients died during the observation period. The 5-year OS rate was 44.5%. By univariate analysis, we found that COP-LMR was correlated with DFS (P < 0.001) and OS (P < 0.001) ( Table 3) . Factors including lesion type, resection type, pathological stage, LDH, ALP, Hb, albumin, WBC count, PLT, D-dimer, fibrinogen and LMR were also significant for DFS and OS. The 13 clinical characteristics that were found significant (P < 0.05) by univariate analysis were assessed by a multivariate analysis. Our results revealed that preoperative COP-LMR was associated with DFS (P < 0.001) and OS (P < 0.001), while PLT and LMR were not significant factors in predicting DFS and OS. Furthermore, pathological stage, Hb and D-dimer were also revealed as independent prognostic factors ( Table  4) . The multivariate analysis also showed that COP-LMR served as an independent prognostic factor in squamous cell carcinoma (SqCC) or adenocarcinoma (Supplementary Tables S1-S4) .
Kaplan-Meier analysis and log-rank test showed significant differences in DFS and OS among the three COP-LMR groups (P < 0.001 for DFS and P < 0.001 for OS) (Figure 2A and 2B). Patients with COP-LMR = 2 were inclined to have worse survival than those with COP-LMR = 0 or COP-LMR = 1. Furthermore, the 5-year survival rates for patients with COP-LMR = 0, 1, and 2 were 54.8%, 39.4%, and 21.9%, respectively. Therefore, COP-LMR clearly classified NSCLC patients into 3 independent groups before surgery. Likewise, our study Abbreviations: DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; NSCLC, non-small cell lung cancer, SqCC, squamous cell carcinoma; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; Hb, hemoglobin; WBC, white blood cell; PLT, platelet count; LMR, lymphocyte to monocyte ratio; COP-LMR, combination of preoperative platelet count and lymphocyte to monocyte ratio. HR was calculated with reference to the last category. P value <0.05 is statistically significant.
showed that COP-LMR clearly divided the patients into 3 independent groups in SqCC or adenocarcinoma ( Figure  3A-3D ). Moreover, among the patients with tumors of pathological stages I, II, and IIIA, subgroup analyses indicated that the patients with COP-LMR = 2 had a poorer survival rate than patients with COP-LMR = 0 and COP-LMR = 1 ( Figure 4A-4F ). Abbreviations: DFS, disease-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; HR, hazard ratio; CI, confidence interval; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; Hb, hemoglobin; WBC, white blood cell; COP-LMR, combination of preoperative platelet count and lymphocyte to monocyte ratio. HR was calculated with reference to the last category. P value <0.05 is statistically significant.
Figure 3: Kaplan-Meier curves for SqCC and adenocarcinoma patients according to COP-LMR levels. A. Kaplan-Meier
curve of DFS for SqCC patients (log-rank, P < 0.001). B. Kaplan-Meier curve of OS for SqCC patients (log-rank, P < 0.001). C. KaplanMeier curve of DFS for adenocarcinoma patients (log-rank, P < 0.001). D. Kaplan-Meier curve of OS for adenocarcinoma patients (logrank, P < 0.001). www.impactjournals.com/oncotarget
DISCUSSION
Over the past years, a growing number of studies have investigated the clinical utility of systemic inflammation-based prognostic systems in patients with several types of cancer [5] . Such systems are useful for predicting the survival rates of cancer patients and are able to classify cancer patients before surgery.
As dynamic reservoirs of various factors, platelets secrete a number of cytokines and growth factors from granules and lysosomes, which affect migration and proliferation, epithelial to mesenchymal transition, and angiogenic activity [12] . Platelets are a source of plateletderived growth factor, which contributes to tumor cell proliferation and angiogenesis [13] . Platelet-derived TGF augments tumor metastasis by promoting epithelial to mesenchymal transition through the activation of the Smad and NF-kB pathways [14] . Tumor cells can also produce the thrombopoietic cytokine interleukin-6, which affects cell proliferation and stimulates the differentiation of megakaryocytes to platelets in the bone marrow [15, 16] . Moreover, tumor cells can induce platelet aggregation and lead to the so-called tumor cell-induced platelet aggregation, which allows tumor cells to escape from immune surveillance [17] . According to the above results, recent studies have investigated the prognostic value of PLT in a variety of tumors, including NSCLC, and found that PLT can predict prognosis [9, 18] . With respect to the platelet count, several previous studies used cut-off values of 30×10 4 mm -3 to 40×10 4 mm -3 [19, 20] . Although 30.0×10 4 mm -3 is the maximum normal value for platelet count, the cut-off value for reactive thrombocytosis is not clearly defined. In our study, the ROC curve showed a cutoff value of 29.5 ×10 4 mm -3 for platelet count. Therefore, 30.0×10 4 mm -3 is an acceptable cut-off value for platelet count.
LMR is a measure of the relative difference between lymphocyte and monocyte counts and is an index of systemic inflammation. The immune response of the host to the cancer is lymphocyte dependent. Patients with relative lymphocytopenia might have a poorer lymphocyte-mediated immune response to cancer, thereby increasing the potential for cancer progression and worsening outcomes. Similarly, elevated monocytes have been correlated with poor survival in several malignancies [21] [22] [23] . Increasing evidence revealed that in a wide spectrum of tumors, a high density of tumor-associated macrophages, which are derived from monocytic precursors circulating in blood, are associated with angiogenesis, invasiveness, and poor outcomes [24] . By secreting various proteases and protease activators [25] , macrophages can degrade the extracellular matrix, thus facilitating migration and invasion. This phenomenon explains why an elevated monocyte count leads to poor prognosis in patients with tumors. The prognostic value of LMR in lung cancer has already been investigated [8, [26] [27] [28] [29] . The cut-off value of LMR in NSCLC varies from 3.29 to 4.56 [8, [27] [28] [29] . By using ROC curve, the cut-off value of LMR was determined to be 3.6 in our study, which is comparable with that in previous studies [8, [27] [28] [29] .
According to recent findings, both PLT and LMR might have important associations with tumor progression. COP-LMR was derived from attempts to validate the stratification of patients by using reactive thrombocytosis and cellular inflammation-based prognostic markers, such as LMR. A higher proportion of patients with COP-LMR = 1 or 2 tend to have larger tumors than patients with COP-LMR = 0 because tumor size reflects tumor progression and malignancy. ALP is a tumor-associated antigen. High ALP activities or changes in the nucleus during the cell cycles reflect tumor cell proliferation and progression [30] . Hypoalbuminemia and low Hb are related to poor nutritional status, which reflect cachexia resulting from cancer progression. As a major acutephase protein, increased fibrinogen is probably induced by an inflammatory response to cancer progression and a prothrombotic state in cancer patients [31] . Cancer cells can release procoagulant molecules and proinflammatory cytokines to activate the coagulation system [32] . D-dimer is a marker of the activation of coagulation and fibrinolysis. Thus, significant differences were observed in ALP, fibrinogen, D-dimer, albumin and Hb levels among the three COP-LMR groups.
In our study, univariate analysis was used to identify 18 variables related to systemic inflammatory response or tumor. Ultimately, 13 variables were entered into a multivariate analysis. These variables showed significant relationships between COP-LMR and both DFS and OS, along with pathological stage, Hb and D-dimer. Based on the Kaplan-Meier analysis and logrank test, our results indicated that preoperative COP-LMR is capable of stratifying patients into 3 independent groups. Furthermore, our study also revealed that COP-LMR acts as an independent prognostic factor in SqCC or adenocarcinoma patients. We also separately assessed the prognostic value of COP-LMR in patients with stage I, II and IIIA tumors, and our results showed that COP-LMR level was significantly associated with DFS and OS in stages I, II and IIIA tumors. The results of survival analysis in histological subtypes or pathological subgroups were consistent with the outcomes of the survival analysis on the whole study population, thus indicating that our findings were reliable.
Although our study is the first to investigate the prognostic value of COP-LMR in NSCLC patients who underwent surgery, we must recognize that the present study has several potential limitations. First, the major limitation of this study includes the use of retrospective analysis and single-center management; we cannot fully exclude selection bias and control for all possible risk www.impactjournals.com/oncotarget curve of DFS for stage I NSCLC patients (log-rank, P < 0.001). B. Kaplan-Meier curve of OS for stage I NSCLC patients (log-rank, P < 0.001). C. Kaplan-Meier curve of DFS for stage II NSCLC patients (log-rank, P < 0.001). D. Kaplan-Meier curve of OS for stage II NSCLC patients (log-rank, P < 0.001). E. Kaplan-Meier curve of DFS for stage IIIA NSCLC patients (log-rank, P < 0.001). F. Kaplan-Meier curve of OS for stage IIIA NSCLC patients (log-rank, P < 0.001).
factors for cancer patients. Second, although we tried to reduce the effect of other factors, lymphocyte and monocyte counts can be influenced by several factors. In the future, prospective clinical studies are needed to confirm our results and promote the clinical application of COP-LMR. Preclinical studies are also needed to provide the basis for clinical application.
COP-LMR is easy to routinely assess because of its low cost and convenience. Moreover, repeat measurements of COP-LMR can be easily performed before and after surgery. Sequential follow-up using COP-LMR would be a useful adjunct to imaging examinations, such as computed tomography and magnetic resonance imaging.
In summary, our study showed that preoperative COP-LMR is capable of dividing NSCLC patients into 3 independent groups before surgery and shows potential as a novel prognostic factor for postoperative survival in these patients.
MATERIALS AND METHODS
Patients
Patients were selected from a retrospective cohort of 1408 patients newly diagnosed with NSCLC between January 2007 and December 2011 at the First Affiliated Hospital of Jinzhou Medical University. The inclusion criteria consist of the following: (1) histologically confirmed NSCLC and (2) complete pulmonary resection and systematic node dissection of the hilar and mediastinal lymph nodes. The exclusion criteria included the following: (1) patients who previously received preoperative chemotherapy or radiotherapy, (2) patients without data of PLT or LMR, (3) patients with advanced disease (e.g., malignant pleural effusion/involvement or distant metastasis), and (4) patients with clinical evidence of infection or other bone marrow, hematological, or autoimmune disease. Based on the inclusion and exclusion criteria, a total of 1120 patients were enrolled in the present study. The seventh edition of the TNM classification system was used in this retrospective study [33] . This study was approved by the ethics committee of the First Affiliated Hospital of Jinzhou Medical University. All patients signed informed consent.
Definition of COP-LMR and other variables
Venous blood samples were obtained at one week prior to surgery and collected in ethylenediaminetetraacetic acid (EDTA)-containing tubes. LMR was calculated as follows: LMR = peripheral lymphocyte count/peripheral monocyte count. The cut-off values of the preoperative PLT and LMR were decided by ROC curve analysis. COP-LMR was calculated on the basis of the obtained data. Patients with both an increased PLT ( > 30×10  4 mm   -3 ) and a low LMR ( < 3.6) were assigned a score of 2, and patients with one or none of the parameters were assigned a score of 1 or 0, respectively. For the eligible patients, clinicopathological and clinicolaboratory information including sex and age at diagnosis, smoking status, tumor location, lesion type, resection type, histological subtype, lymph node metastasis, maximum tumor diameter, pathological stage, WBC count, PLT, LMR, Hb, albumin, LDH, ALP, D-dimer, fibrinogen, and COP-LMR was collected for subsequent analysis. The cut-off values of clinicolaboratory variables were determined by ROC curve analysis to classify the patients into two groups. The values of maximum joint sensitivity and specificity on the ROC plot were defined as the recommended cut-off value. Statistical analysis SPSS 13 .0 (SPSS Inc., Chicago, USA) was used for all statistical analyses. DFS was defined as the time between the date of surgery and the date of first recurrence or last follow-up. OS was defined as the interval between the date of surgery and the date of death or last follow-up. The data are presented as the mean ± s.d. For normally distributed results, one-way analysis of variance (ANOVA) was used to compare the clinicolaboratory variables between the 3 COP-LMR groups. The differences between the 3 COP-LMR groups and clinicopathological variables were analyzed using chi-square test. Survival curves were generated by the Kaplan-Meier method, and differences between survival curves were estimated by log-rank test. HR and 95% CI were calculated by univariate and multivariate analyses using the Cox proportional hazards model. Comparisons between the values for AUC were accomplished with the nonparametric approach established by DeLong et al. [11] . P value < 0.05 was considered significant.
